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2 Recent i n t e r p r e t a t i o n s  of single’ and double photon absorp- 

t i o n  i n  a lka l i  h a l i d e s  have renewed i n t e r e s t  i n  t h e  h ighe r  e x c i t e d  

states of exc i tons  i n  t h e s e  materials. The experimental  evidence 

f o r  exc i ton  states w i t h  n > 1 i n  a lka l i  halides appears t o  rest 

mainly with t h e  l o w  temperature (14OK) t h i n  f i l m  absorpt ion s t u d i e s  

of F i sche r  and Hi l sch  i n  1959.’ 

i n v e s t i g a t o r s  t o  h ighe r  exciton states apparent ly  w a s  n o t  observed 

i n  t h e  s i m i l a r  s tudy of Eby, Teegarden and Dutton. 

F ine  s t r u c t u r e  a t t r i b u t e d  by  these 
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S t r u c t u r e  s i m i l a r  t o  t h a t  of F ischer  and Hi l sch  h a s  r e c e n t l y  

been observed i n  the low temperature r e f l e c t i o n  and luminescent 

e x c i t a t i o n  spectrum of K I .  A t y p i c a l  e x c i t a t i o n  spectrum of K I  

a t  8OoK taken with 3 angstrom reso lu t ion  (0.01 e V  energy r e s o l u t i o n )  

i s  shown i n  F ig .  1. The corresponding near  normal incidence r e f l e c -  

t i o n  spectrum is  shown i n  Figure 2. Luminescent measurements w e r e  

ob ta ined  on a cleaved su r face  of a Semi-element s i n g l e  c r y s t a l  h e l d  

i n  an o i l  f r e e  vacuum of 2 x torr .  A photomul t ip l ie r  having 

peak response near  4000 A monitored both  t h e  luminescence from t h e  
- 



K I  and tha t  f r o m  a sodium salic! la te  r e fe rence  screen,  The re1 1- 

t i v e  luminescent response w a s  taken as the ra t io  of the two s i g n a l s ,  

The r e f l e c t i o n  (10' angle  of incidence) spectrum w a s  measured i n  

a vacuum reflectometer on a cleaved su r face  he ld  i n  a vacuum of 

10'' t o r r  during the measurements. 

As h a s  been repor ted  previously,  u l t r a v i o l e t  e x c i t e d  l o w  

temperature luminescence i n  a l k a l i  h a l i d e s  h a s  two c h a r a c t e r i s t i c  

f ea tu re s :  (a )  i t  appears s t rongly  (quantum y i e l d s  between 0.1 

and 1.0) only i n  c r y s t a l s  free from s i g n i f i c a n t  pre-fundamental 

impuri ty  absorp t ion  bands and (b) t h e  e x c i t a t i o n  spectrum e x h i b i t s  

the f e a t u r e s  of the absorpt ion spectrum i n  an inve r se  r e l a t i o n ;  

i . e . ,  maxima i n  absorpt ion correspond t o  minima i n  e x c i t a t i o n ,  

This  l a t t e r  proper ty  l e a d s  one t o  expect t o  observe absorpt ion 

f i n e  s t r u c t u r e  i n  the  e x c i t a t i o n  spectrum. Comparison of t h e  spec- 
6 trum of Fig.  1 t o  the absorption spectrum4 i n t e r p r e t e d  by P h i l l i p s  

s h o w s  t h a t  indeed each absorption f e a t u r e  corresponds t o  an e x c i t a -  

t i o n  f e a t u r e  t o  wi th in  experimental r e s o l u t i o n .  This correspond- 

ence i s  ind ica t ed  i n  F igure  1 by using t h e  l a b e l l i n g  of re ference  

6 for corresponding f e a t u r e s ,  An ex tens ion  of t h e  data t o  9eV 

shows the a d d i t i o n a l  s t r u c t u r e  r epor t ed  i n  r e fe rence  4 i n  d e t a i l .  

Because of the p r e c i s e  alignment of e x c i t a t i o n  and absorpt ion s t ruc -  

t u r e  it s e e m s  l i k e l y  t h a t  t h e  v a r i a t i o n  i n  non-radiative s u r f a c e .  

recombination of t h e  exc i ton  states due t o  t h e  s p e c t r a l  dependence 

of the r a d i a t i o n  pene t r a t ion  depth i s  respons ib le  f o r  t h e  corres- 

pondence. 



c 

The luminescent emission spectrum e x c i t e d  by 7.7 e V  r a d i a t i o n  

was found t o  c o n s i s t  of a s ing le  band centered  a t  3750 A- (3.3 e V )  

w i t h  a t o t a l  width of 1.1 e V .  This r e s u l t  i s  i n  agreement w i t h  

t h a t  of Teegarden and Weeks' fo r  luminescence e x c i t e d  by 6.1 e V  

photons. A s i m i l a r  luminescence e x c i t e d  by 50 k i l o v o l t  x-rays 

i n  K I  a t  4.K h a s  r e c e n t l y  been shown t o  be due t o  r a d i a t i v e  recom- 

b i n a t i o n  of t rapped ho le s ,  i .e. V c e n t e r s ,  and  electron^.^ I n  k 
t h i s  case however a double band w i t h  c e n t e r s  a t  3.33 and 4.0 e V  

i s  observed. Such double bands have no t  y e t  been seen under u l t r a -  

v i o l e t  e x c i t a t i o n .  Indeed the ex i s t ence  of t h e  double bands may 

r e q u i r e  free electrons i n  t h e  conduction band as proposed for  t h e  

Vk cen te r  - free e l e c t r o n  recorrbination process .  

t o  occur a t  e x c i t a t i o n  energ ies  less than the first d i r e c t  i n t e r -  

For  t h i s  process  

band t r a n s i t i o n  an extremely e f f i c i e n t  exc i ton  d i s s o c i a t i o n  process  

would be requi red .  I t  is  poss ib l e  t h a t  t h e  a l t e r n a t e  b u t  c l o s e l y  

r e l a t e d  luminescent process  of r a d i a t i v e  recombination of the  s e l f -  

t rapped  exc i ton  dominates f o r  e x c i t a t i o n  ene rg ie s  between t h e  lumi- 

nescen t  onse t  and t h e  first direct in te rband t r a n s i t i o n .  The asym- 

metry i n  i n t e n s i t y  of t h e  e x c i t a t i o n  spectrum on either side of 

t h e  5.81 e V  minimum argues i n  favor of  such a desc r ip t ion .  

The w e l l  def ined  minima i n  F igure  1 and maxima i n  F igure  2 

a t  5.81 and 6.13 e V  are of  p a r t i c u l a r  i n t e r e s t .  Both f e a t u r e s  

are q u i t e  reproducible  on a v a r i e t y  of samples of  "pure" KI. The 

p o s i t i o n ,  half-width and r e l a t i v e  magnitudes of  these minima a l l  

argue i n  favor  of a s s o c i a t i n g  t h e m  w i t h  t h e  1s and 2s states of 

valence and r, conduction t h e  r3/ 3/2 
exc i ton  formed from the r,, 
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bands. Both f e a t u r e s  have half widths  a t  80°K of 0.03 t o  0.04 eV. 

The r a t io  of o s c i l l a t o r  s t r eng ths  as measured roughly by t h e  depths  

of t h e  minima or h e i g h t  of  t h e  m a x i m a  i s  1:6; a simple hydrogenic 

n dependence would p r e d i c t  a r a t io  of 1:8. Values of  5.87 and -3 

6.21 e V  r e s p e c t i v e l y  w e r e  obtained by F i sche r  and Hilsch f o r  these 

same t w o  states from t h i n  f i lm  absorpt ion a t  14.K. 

F i t t i n g  t h e  above t w o  s t a t e s  t o  a s i m p l e  hydrogenic model of 

t h e  form 

where p i s  t h e  reduced m a s s  and co t h e  l o w  frequency e l e c t r o n i c  

d i e l e c t r i c  cons t an t ,  taken for K I  t o  be 2.75; g i v e s  

= 6.26 eV,  pIm 2 = 0.45 e V  and pIm = 0.25. 
03 E 

3/2, 0 

These va lues  are nea r ly  i d e n t i c a l  t o  those of F i sche r  and Hilsch 

i f  a temperature s h i f t  of t h e  o rde r  of 

c a r e f u l  review of t h e  e x c i t a t i o n  spectrum near  t h e  series l i m i t  

eV/-, i s  included. A 

r e v e a l s  evidence f o r  a weak shoulder a t  6.26 e V ,  corresponding t o  

t h e  r1, 
edge a t  6.1 e V  a t  80eK on the basis of the d a t a  of re ference  4. 

I'l d i r e c t  absorpt ion edge. P h i l l i p s 2  has placed t h i s  3/2 

Due t o  t h e  s p a r s i t y  of d a t a  p o i n t s  between 6.00 and 6.30 e V  i n  the 

d a t a  of  r e f .  4 ,  t h e  t r u e  edge could w e l l  occur 0.16 e V  h ighe r  as 

determined he re .  

Although there i s  s o m e  evidence of weak s t r u c t u r e  i n  the  ex- 

c i t a t i o n  spectrum which might r ep resen t  exc i ton  states w i t h  n > 2 ,  

both the r e s o l u t i o n  and r e p r o d u c i b i l i t y  of  the p resen t  d a t a  are 

i n s u f f i c i e n t  t o  make a p o s i t i v e  i d e n t i f i c a t i o n  a t  t h i s  t i m e .  
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I Figure  1. Luminescent e x c i t a t i o n  spectrum of "pure" K I  a t  80-K. 

The o r d i n a t e  r ep resen t s  the r a t io  of the luminescent 

y ie ld  of KI t o  that of sodium s a l i c y l a t e .  

F igure  2. Ref lec t ion  spectrum of K I  a t  80-K. 
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